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IMAGE PROCESSOR AND IMAGE PROCESSING METHOD, AND 
PRINTER SYSTEM EQUIPPED WITH IMAGE PROCESSOR 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to image processing 
techniques for generating halftone spot images in order to 
make continuous-tone prints like photographs. More 
particularly, this invention relates to image processing 
techniques for setting screen angles determined by 
conversion tables used for the generation of halftone spot 
images in such a manner as to weaken the effect of moire. 

Description of the Rpl ateo Art 

An electrophotography method is known as an image 
recording method used for color printers, color copying 
machines, and the like. In such an electrophotography 
method, laser beams are utilized to form latent images on 
a photoconductor drum, the latent images are developed by 
using charged toner, and developed imLages formed with the 
toner are transferred and fixed on transfer paper, thereby 
recording the images. 

Such color printers and the like record color images 
generally by utilizing toner in cyan (C), magenta (M) , 
yellow (Y) , and black (K) . The respective colors which are 
expressed in intermediate tones are m.ixed by means of 
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subtractive color mixture^ thereby generating record 
images . 

As an intermediate tone expression method^ a dither 
method is known in which a pseudo intermediate tone 
expression is realized by using- binary recording. The 
dither method is a method of obtaining binary data through 
conversion from tone data at each dot by using a threshold 
value that is changeable for every dot, and dots in an 
original image are in a one-to-one correspondence with dots 
in a record image. A general way to determine a threshold 
value for each dot is to consider an original image as a 
set of submatrices and to decide a threshold value only 
according to coordinate information in the relevant 
submatrix. The submatrices with such threshold values 
located therein are called dither matrices. Since the 
dither matrices are referred to when the tone data of the 
original images are converted into the gradation expression 
of the record imagesy. the dither matrices can be considered 
as a kind of conversion tables from the original images to 
the record imiages. 

There are some kinds of conversion tables like the 
dither miatrices, such as a dot dispersion type and a dot 
concentration type. In the case of the dot concentration 
type, a plurality of adjacent dots compose a halftone spot, 
and intermediate rones are expressed according to the size 
of this halftone spot. In this specification of the present 
invention^ record images of which intermediate tones are 
expressed with halftone spots in the manner described above 
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are called halftone spot images. 

SUMMARY OF THE INVENTION 

Since halftone spot images are generated by 
periodically applying conversion tables to original images, 
components (such as an arrangement style of threshold 
values) and periodical application of the conversion tables 
determine a halftone spot shape, screen angles, and other 
elements of the halftone spot images. 

Screen angles are closely related to characteristics 
of moire which may occur when halftone spot images of more 
than one color are overlaid one over another. Specifically, 
an angle difference between the screen angles is related 
to the size of moire which may occur. For example, when 
halftone spot images of three colors are overlaid one over 
another, it is possible to minimize moire by setting angle 
differences between their screen angles at 30° intervals. 

When halftone spot images of four colors CMYK are 
overlaid one over another, angle differences between screen 
angles of adjacent colors among cyan, magenta and black are 
set at 30° intervals, excluding yellow which is the color 
with lower spectral luminous efficiency as compared with 
the other colors and is barely perceptible to the human eyes . 
As for yellow, an angle difference is set at a middle value 
between cyan or magenta, and black. 

As for black which has the highest spectral luminous 
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efficiency and is easily perceptible to the eyes, a screen 
angle is set at 45" which is the farthest from horizontal 
and vertical directions (O' and 90° ) which humans can 
easily perceive. As a result, the screen angles of cyan 
and magenta respectively become 15"^ and 75° which are 
displaced 30° from the screen angle 4 5^" of black, and the 
screen angle of yellow becomes 0° . Fig. 10 shows a 
combination of the screen angles of the four colors CMYK. 

If the screen angles of the four colors CMYK are set 
in the manner described above, the angle differences between 
the three colors, excluding yellow, are set at 30° intervals 
and, therefore, produced moire will become sufficiently 
small. 

However, since the angle difference between the screen 
angles of yellow and cyan (or magenta) is 15° , there is 
a problem in that larger moire is produced as com^pared with 
the other combinations. In fact, the size of moire 
generated by having the yellow halftone spot image and the 
cyan (or magenta) halftone spot image overlap each other 
becomes almost four times as large as a halftone spot pitch 
in a screen , 

It is an object of this invention to provide an image 
processing technique for sufficiently reducing the size of 
mioire even when the four colors CMYK are used. 

On the other hand, in the electrophotography method 
which utilizes laser beams and the like, dots of record 
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images are located fixedly in a main scanning direction for 
scanning laser beams and in a secondary scanning direction 
for feeding transfer paper and, therefore, it is impossible 
to rotate the dot arrangement of the record images according 
to desired screen angles. Accordingly, an adopted method 
of forming a screen angle is to displace the applied 
positions of conversion tables or to change the values in 
the conversion tables according to the applied positions. 

For example. Fig. 11 shows a method of forming a screen 
p angle by displacing the positions of dither matrices 30 

|5 which are the conversion tables. In Fig. 11, a straight 

Jt; line 31 indicates a screen direction. In this example, the 

m dither matrices 30 are located in such a manner that every 

m time they are displaced by four dots in the X axis direction, 

they are also displaced by one dot in the Y axis direction. 

Accordingly, an interval (a, b) becomes (4, 1) and a screen 

Rl angle Q is formed to obtain tan 0 =b/a=l / 4 . 

PI 

In the above-described method, however, it is 
impossible to form irrational tangent angles such as IS"" 
and 75° . This is because the dot arrangement is formed, 
if expressed in a cocrdina-ce system, as an integer 
coordinate system and, therefore, the values of a and b 
mentioned above always become integer values. With regard 
to the expression of -an 0 =b/a, the angle Q where the values 
of a and b are any integer values is called a rational tangent 
angle, while the angle 0 otherwise obtained is called an 
irrational tangent angle. 
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Consequently, in the case of the four colors CMYK as 
shown in Fig. 10, there is a problem in that with regard 
to the screen angles of cyan and magenta, one has in fact 
no other choice but to use rational tangent angles which 
are close to the values of 15° and 1 S"" . 

There is another problem in that the use of the 
rational tangent angles as the screen angles results in the 
generation of unintended patterns. This problem is caused 
by a phenomenon in which if halftone spot images having 
rational tangent angles as their screen angles are placed 
one over another, halftone spots completely overlap one 
another at regular intervals. 

Fig. 12 shows an exam.ple of overlapping two halftone 
spot images having rational tangent angles as their screen 
angles, where a first halftone spot image has a screen angle 
of tan"' 1/3 (approximately 18"" ) and a second halftone spot 
image has a screen angle of tan"' 3 (approximately 72° ) . A 
halftone spot 100 indicates a halftone spot of the first 
halftone spot image, a halftone spot 101 indicates a 
halftone spot of the second halftone spot image, and a 
halftone spot 102 indicates a overlapping halftone spot of 
the two halftone spot images. Fig. 12 shows that the 
halftone spots 102 occur at regular intervals. 

Since this problem: occurs depending on common 
m.ultiples of the denomiinator and numerator of a rational 
tangent, it cannot be avoided as long as the respective 
screen angles are rational tangent angles. Specifically, 



if halftone spots of the four colors CMYK completely overlap 
one another, there is a problem in that very conspicuous 
patterns are generated. 

Accordingly, it is another object of this invention 
to provide an image processing technique for forming desired 
screen angles and angle differences, which are irrational 
rangent angles, and for preventing halftone spots of the 
four colors CMYK from completely overlapping one another 
at regular intervals. 

In order to achieve the above objects, in an image 
processing method of this invention, conversion tables to 
determine a correspondence relationship between image 
reproduction data, including development area information, 
and tone data are stored in a storing means, and the 
conversion tables include: at least two conversion tables 
A and B where the correspondence relationship is determined 
in such a manner that halftone spots are formed in lines 
and their screen angles are perpendicular to each other; 
and at least one conversion table C where the correspondence 
relationship is determined in such a manner that angle 
differences between a screen angle determined by the 
conversion table C and the screen angles determined by the 
two conversion tables A and B become irrational tangent 
angles. Then, for each of the plural colors (for example, 
for each color of CMYK) , the image reproduction data at each 
dot is found from the tone data at each dot by referring 
to one of the conversion tables, and a development area at 
each dot is determined on the basis of the development area 



information included in the image reproduction data at the 
dot, thereby reproducing images. 

Moreover, in order to achieve the aforementioned 
objects, an image processor of this invention comprises: 
conversion table storing means for storing a plurality of 
conversion tables to determine a correspondence 
relationship between image reproduction data, including 
development area information, and tone data; halftone 
processing means for receiving the tone data of respective 
colors and then finding, for each color, the image 
reproduction data at each dot by referring to one of the 
conversion tables; and image reproducing engine for 
reproducing images by receiving the image reproduction data 
at each dot for each color and by determining a development 
area at the dot on the basis of the development area 
information included in the image reproduction data. The 
conversion table storing means stores; at least two 
conversion tables A and B where the correspondence 
relationship is determined in such a manner that halftone 
spots are formed in lines and their screen angles are 
perpendicular to each other; and at leasr one conversion 
table C where the correspondence relationship is determined 
in such a manner that angle differences between a screen 
angle determined by rhe conversion table C and the screen 
angles determiined by the two conversion tables A and B become 
irrational tangent angles. 

BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a block diagram illustrative of the structure 
of Embodiment 1 of this invention. 

Fig. 2 shows an example of an index table according 
to this invention. 

Fig. 3 is a diagram showing an examtple of gamma tables, 
as graphs, according to this invention. 

Fig. 4 is a diagram illustrative of an example of the 
gamma tables according to this invention. 

Fig. 5 shows an example of a halftone spot image 
generated according to this invention. 

Fig, 6 shows examples of an index table according to 
this invention. 

Fig. 7 shows the correspondence of angle differences 
of screen angles ro m.oire size ratios. 

Fig. 8 shows the relationship between screen angles, 
mLoire size ratios, moire directions, and moire size ratios 
and moire directions of secondary moire. 

Fig. 9 is a block diagram illustrative of the structure 
of Embodiment 2 according to this invention. 

Fig. 10 is a conceptual drawing illustrative of a 
combination of screen angles of four colors CMYK. 
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Fig. 11 describes a method of forming a screen angle. 

Fig. 12 describes the state where halftone spot images 
overlap one anther . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Embodi ment 1 

Embodiment 1 of this invention is hereinafter 
explained by referring to Fig. 1. An image processor 1 
according to Em.bodiment 1 of this invention is composed by 
including conversion table storing means 10, halftone 
processing means 11, and image reproducing engine 12. 

The conversion table storing means 10 stores a 
plurality of conversion tables where a correspondence 
relationship is determined between image reproduction data, 
including development area information, and tone data. The 
development area informLation is information used to decide 
an area where toner should be attached at each dot, that 
is, an area to be developed. Examples of such informLation 
may include an area ratio to the relevant dot, and pulse 
width data to be used for a laser drive signal. 

The image reproduction data may be composed by further 
including development area location inf orm.at ion . The 
development area location information is the information 
used to decide a location where toner should be attached 
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at each dot^ that is, the information used to decide which 
area in the dot should be developed. An example of such 
information may be relative location information about the 
locations relative to a laser scan direction, such as the 
right or left side of a dot. 

As described above, it is possible to realize desired 
screen angles by including the development area information 
and the development area location information in the image 
reproduction data. Such principles will be described 
later , 

A conversion table can be composed of, for example, 
a plurality of gamma tables to determine a relationship 
between the tone data and the development area information 
and an index matrix where identifiers to specify the gamma 
tables are located at their corresponding positions on the 
matrix . 

The developm^ent area location informLation may be 
composed in correspondence with each gamma table or may be 
composed in correspondence wirh the relevant positions on 
the index matrix. 

Fig. 2 shows an example of the conversion table. In 
this exam.ple, the size of the index matrix is 12 X 12. At 
the respective positions on the m.atrix, the following 
inform.arion is indicated: identifiers (numbers) of the 
gamma tables; and the development area location 
information f not show^n in Fig. 2), that is, to which side 



(right/left or above/below) of the relevant dot the toner 
should be attached . 

Fig. 3 is a diagram which expresses the gamma tables 
as graphs. The horizontal axis represents the tone data and 
256 tones are employed in this ■■embodiment. The vertical 
axis represents a ratio of toner attachment area. Such a 
ratio is "'0'' when the toner is not to be attached at all, 
while the ratio is ''255'" when the toner is to be attached 
over the entire area of the dot. 

By the conversion table storing means 10, the gamma 
tables are stored in the form of a table as shown in Fig. 
4 by quantizing each graph in Fig. 3. 

As shown in Fig. 3, each gamma table has different 
characteristics. As the gamm.a tables of the identifiers 1 
through 6 show sudden increases at an early stage, they have 
such characreristics that halftone spots are formed fast 
in the dots where such gamma tables are applied. As the gamjua 
tables of the identifiers 7 through 12 show sudden increases 
at an later stage, they have such characteristics that 
halftone spots are formed slowly in the dots where such gamma 
tables are applied. 

The shape of halftone spots^ such as a dot shape or 
a line shape, screen angles, and other details are decided 
depending on the composition of the conversion tables, that 
is, how the gamma tables having characteristics of fast or 
slow formation of halftone spots are located on the index 
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matrix. The index matrix of Fig. 2 and the gamma tables of 
Fig. 3 are composed in such a manner that halftone spots 
will be formed in lines. Fig. 5 shows an example of a 
halftone spot image where halftone spots are formed in such 
manner . 

Referring to Fig. 5, by observation of halftone spots 
in a horizontal row (or vertical row) direction, for example, 
half-cone spots 40, 41, 42 and 43 in a horizontal row , it 
can be found that the halftone spots are formed respectively 
in different ways (how many dots are used to form one halftone 
spot, and at which positions of the dots the halftone spot 
is formed) . Such a state where the formation of the halftone 
spots are different in a horizontal row direction or in a 
vertical row direction indicates that the index matrix and 
the gammia tables are composed so as to form a screen angle 
of irrational tangent. On the other hand, if the index 
matrix and the gamma tables are composed so as to form a 
screen angle of the rational tangent, halftone spots will 
be formed in the same manner in a horizontal row direction 
and in 'a vertical row direction. 

The halftone processing means 11 receives the tone 
data for each color externally and selects, for each color, 
one of the plural conversion tables stored in the conversion 
table storing means 10. It then finds the image 
reproduction data at each dot on the basis of the tone data 
at the dot by referring to the selected conversion table. 

The tone data for each color to be received by the 
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hal f tone processing means 1 1 may be the type that corresponds 
to an RGB color space or rhe type that corresponds to a CMYK 
color space. Since toner used for printers or the like is 
generally in four colors CMYK, if the tone data corresponding 
to the RGB color space is received, conversion from RGB to 
CMYK is first performed and the 'selected conversion table 
is then referred to. For such conversion from RGB to CMYK, 
various kinds of conventional techniques can be employed. 

The image reproducing engine 12 receives, for each of 
the colors, the image reproduction data at each dot from 
the halftone processing means 11, generates a drive signal 
on the basis of the development area information and the 
development area location information included in the image 
reproduction data, generates a laser drive pulse modulated 
in a pulse width modulation method on the basis of the drive 
signal, drives a laser diode according to the drive pulse, 
and irradiates a photoconductor drum with laser beams. 
Since the drive signal includes information about an 
irradiation area as well as irradiation locations, the laser 
beams are applied and toner is attached in a desired area 
and at desired positions within each dor on the basis of 
such inf ormiat ion . 

The principles are hereinafter described, according 
to which a line-shaped halfrone spor image with a desired 
screen angle can be realized according to this invention 
by including the development area information and the 
development area location information in the image 
reproduction data. 
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According to this invention, the image reproduction 
data is composed by including the development area 
information, that is, the information about an area to attach 
toner. Therefore, based on such information, it is possible 
to control a pulse width of a pulse signal for driving lasers. 
Moreover, by composing the image reproduction data so as 
to include the development area location information, that 
is, the information about locations to attach toner, it is 
possible to control the timing of the pulse signal for 
driving lasers on the basis of such information. 

In the case of a development method of fixing toner 
by utilizing laser beams, controlling the timing and pulse 
width of the pulse signal for driving lasers can generate 
a development area at any position and in any area within 
the relevant area corresponding to a dot. As a result, by 
controlling the area and location of the development area 
at each dot, it is possible to general halftone spots in 
lines, which are com.posed of a plurality of dots. 

Regarding the halftone spots generated in the manner 
described above, a line direction and a line pitch can be 
decided freely by changing the area and location of the 
development area in each dot. Therefore, a screen angle (or 
Ixne direction) can be formied freely regardless of the 
arrangement of dots. 

(Examiple 1) 
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Example 1 is hereinafter described about the structure 
of conversion tables stored by the conversion table storing 
means 10. 

The conversion table storing means 10 stores at least 
two conversion tables A and B. These two conversion tables 
A and B are composed respectively of an index matrix and 
gamma tables in such a manner that halftone spots are formed 
in lines and the screen angles determined by the conversion 
tables A and B are perpendicular to each other. 

The principles are hereinafter described, according 
to which the use of the conversion tables to form halftone 
spots in lines can sufficiently reduce the size of moire 
as compared to the size of the conversion tables even in 
the case of the four colors CMYK, 

When halftone spots are formed in lines, two 
overlapping halftone spot im.ages with their screen angles 
perpendicular to each other can be considered one halftone 
spot image in which dot-shaped halftone spots are generated 
at points of intersection of the lines. 

Namely, if the conversion tables A and B are used for 
two colors out of the four colors CMYK, it is possible to 
consider with regard to the two colors that a dot-shaped 
halftone spot image only for one color exists . Accordingly, 
with regard to the four colors CMYK, it is only necessary 
to adjust the screen angles substantially for three colors. 
Therefore, it is possible to mLinimize moire by setting angle 
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dafferences between the screen angles of the three colors 
at 30° intervals. 

In order to compose the conversion tables that 
determine their screen angles perpendicular to each other, 
for example^ common gammia tables may be used and their index 
matrices may be related to each other in such a manner that 
one of them is rotated by ±90° from the other. For example, 
the index matrix shown in Fig . 2 may be used as the conversion 
table A, and as the conversion table B the index matrix shown 
in Fig. 6A/ which is created by rotating the index matrix 
of Fig. 2 by 90° in a positive direction, or the index matrix 
shown in Fig. which is created by rotating the index 

matrix of Fig. 2 by 90° in a negative direction, may be used. 
Accordingly, it is possible to make the screen angles 
determined by the conversion tables A and B perpendicular 
to each other. The positive direction means a 
counterclockwise rotation, while the negative direction 
means a clockwise rotation. 

However, those shown in Fig. 2 and Fig. 6 are merely 
examples, and the conversion tables with any content may- 
be used as long as they are composed in such a manner that 
the screen angles are perpendicular to each other and 
halftone spots are formed in lines. 

The conversion table storing means 10 further stores 
ar leasr one conversion table C. In the conversion table 
C, an index matrix and gammta rabies are composed in such 
a matter that angle differences between a screen angle 



determined by the conversion table C and the screen angles 
determined by the conversion tables A and B become irrational 
tangent angles. 

As for the conversion tables A and C that satisfy the 
above-described requirement^ ei'ther one of their screen 
angles always becomes an irrational tangent angle. This is 
because^r due to the relationship of tan { 6 ~ 6 2) = (tan 

6^ - tan 6 2) /(i + tan0.tan0 2)/ the value of 61 ~ 62 being 
an irrational tangent angle means that either one of the 
numerator (tan 0-^- tan 62) or the denominator (1 + tanS^tan 

62) is an irrational number. Accordingly^ it is necessary 
for either one of tan 0 , or tan 0 2 to be an irrational nuiriber . 

Therefore, when a halftone spot image X obtained by 
overlaying two halftone spot images one over another, which 
are generated by applying the conversion tables A and 3, 
is overlaid over a halftone spot image Y generated by 
applying the conversion table such a problem does not 
occur as will occur in the case of overlapping halftone spot 
images both with rational tangent angles as their screen 
angles, that is, the problem in that halftone spots 
com.pletely overlap each other at regular intervals. 

(Example 2) 

Example 2 is hereinafter described about the structure 
of conversion tables stored by the conversion table storing 
means 1 0 . 
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The conversion table storing means 10 further stores 
a conversion table D in addition to conversion tables A, 
B and C which are composed in the same manner as in Example 
1. In the conversion tables C and D, their index matrices 
and gamma tables are composed in such a manner that halftone 
spots are formed in lines and their screen angles are 
perpendicular to each other. 

Since the conversion table C is composed in such a 
manner that angle differences between a screen angle 
determined by the conversion table C and screen angles 
determined by the conversion tables A and B become irrational 
tangent angles, the conversion table of which the screen 
angle is perpendicular to that of the conversion table 
is also composed so as to have irrational tangent angles 
as angle differences between the screen angle determined 
by the conversion table D and the screen angles determined 
by the conversion tables A and B, 

When the conversion tables A, B, C, and D are used for 
each of the four colors CMYK, a combination of A and B and 
a com.bination of C and D can be considered respectively a 
dot-shaped halftone spot imiage of one color. Accordingly, 
in the case of Example 2, it is only necessary to adjust 
the screen angles of substantially two colors with respect 
to the four colors CMYK. 

An explanation is hereinafter given about on what 
standards each screen angle should be determLined. 
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Moire size K can be found by the formula described below 

on the basis of an angle difference a between screen angles^ 
and a screen pitch d. As for the derivation of the formula 
to find the moire size, detailed descriptions are stated 
in ''Principles of Color Reproduction'' (written by John A.C. 
Yule/ published by the publishing department of the Printing 
Society, p.p. 312-314) . 

K=d/ (2sin ( a /2) (1) 

It is possible to calculate what multiple of a screen 
pitch the moire is (hereinafter referred to as the ^'moire 
size ratio'') by applying d=l to the above formula. Fig. 7 
shows a correspondence relationship between the angle 
differences of screen angles and the moire size. 

A direction where moire is aligned (hereinafter 
referred to as the ''moire direction") can be obtained by 
the foririula of (p+q)/2 + 90° where p and q are respective 
screen angles . 

It is known that vjith regard to human visual 
characteristics / the detecting ability is higher and more 
sensitive in vertical and horizontal directions than in 
slanting directions. Accordingly, it is possible to 
m.inim.ize the effects of moire by composing the screen angles 
so as to set the moire direction in a slanting direction 
with regard to moire of a high moire size ratio. 

As can be seen from Fig. 7, the moire size ratio 



increases when the angle difference is small . Consequently, 
a screen angle determined by either one of the conversion 
tables A and B, which has a smaller angle difference with 
the screen angle determined by the conversion table C, is 
set as follows : 

Assuming that an angle difference between the screen 
angle of the conversion table A and the screen angle of the 
conversion table C is smaller than that between the screen 
angle of the conversion table B and the screen angle of the 
conversion table C, in order to cause the moire direction 
of moire generated by the conversion tables A and C to become 
a slanting direction (approximately 45° direction or 135° 
direction) , it is only necessary to compose the conversion 
tables A and C in such a manner that a sum of their screen 
angles becomes approximately 90° or -90° . 

Specifically speaking, where the angle difference 
between the screen angles of A and C is iS , the index matrix 
and gamma tables of each conversion table is to be composed 
so as to set the screen angle of A at (±90° - j8 ) / 2 and the 
screen angle of C at (±90° +^)/2. 

Moire which is generated secondarily due to 
interference between moire and the original halftone spot 
images is called secondary moire. The secondary moire in 
the case of overlapping halftone spot imiages of two colors 
is inhibited when an angle difference between their screen 
angles is in the range of 30° to 40° , Accordingly, the 
conversion tables are composed so as to set the above- 
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mentioned value 13 at an irrational tangent angle in the range 
of 30"" to 40"" in order to inhibit the primary moire and 
the secondary moire. 

On the above-described standards^ for example^ with 
regard to the conversion tables A, B, and D, their screen 
angles may be set at 2 7"" , 117° ^ 60° , and 150° respectively. 
In this casBr an angle difference between the screen angles 
of A and C is SS'' , which is an irrational tangent angle in 
the range of 30"" to 40° . Moreover^ a sum of the screen 
angles of A and C is 87° , which is approximately 90° . 

Fig. 8A shows moire size ratios, moire directions, and 
moire size ratios of secondary moire in this case. 
Regarding a combination of A (27° ) and C (60° ) where the 
moire size ratio is the highest, it can be seen that the 
moire direction is 133.5° which is a slanting direction. 

For comparison. Fig, 8B shows moire size ratios, moire 
directions, and moire size ratios of secondary moire where 
with regard to the conversion tables A, B, C, and D, their 
screen angles are set at 18° , 108° , 72° , and 162° 
respectively. In this case, a sum of the screen angles of 

A and C is 90° , but an angle difference between the screen 
angles is 54° , which does not satisfy the requirement that 
the angle difference should be an irrational tangent angle 
in the range of 30° to 40° . Consequently, it can be seen 
that regarding a com.bination of B (108° ) and C (72° ) where 
the moire size ratio is the highest, the mioire direction 
is 0° that is a horizontal direction in which the human 



-23- 



detecting ability is high. 

As described above^ by composing the relevant 
conversion tables so as to satisfy the requirements of this 
invention, it is possible to set the moire direction at a 
slanting direction with regard to moire with a highest moire 
size ratio, thereby reducing the effects of moire. 

Em.bodiment 2 

Embodiment 2 is hereinafter described with reference 
to Fig, 9. A printer system 2 according to Embodiment 2 of 
this invention is composed by including a controller 3 and 
a printer engine 4 . 

The controller 3 is composed of conversion table 
storing means 10^ halftone processing means 11, and pulse 
width modulating means 20. The controller 3 may either be 
a device specialized for the printer system or be realized 
by activating software, on which the operation of each means 
is specified, at a general-purpose information processing 
unit. The strucuure and operation of "che conversion table 
storing means 10 and the halftone processing means 11 are 
similar to those of Embodiment 1 and, therefore, 
descriptions thereof are omitted. 

The pulse widrh modulating means 20 receives, for each 
color, image reproduction data at each dot from, the halftone 
processing means 11 and generates and outputs a drive signal 
corresponding to development area information and 



development area location information on the basis of the 
image reproduction data. 

The printer engine 4 receives the drive signal 
from the pulse width modulating means 20^ generates a laser 
drive pulse modulated in a puls-e width modulating method 
on the basis of the drive signal, drives a laser diode 
according to the drive pulse, and irradiates a 
photoconductor drum with laser beams. 

The pulse width miodulating means 20 and the printer 
engine 4 according to Embodiment 2 correspond to the image 
reproducing engine 12 according to Embodiment 1 . 

Embodiment 3 

Embodiment 3 of this invention is hereinafter 
described. Em.bodiment 3 comprises a record miedium. with an 
image processing programt recorded thereon. This record 
m.edium miay be a CD-ROM, a magnetic disk, a semiconductor 
memory, or any other types of record medium, including the 
case where the image processing program is distributed 
through networks . 

The image processing program, is read from the record 
medium, into a data processor and controls the operation of 
the data processor. As controlled by the image processing 
program, the data processor stores, as conversion tables 
to determine a correspondence relationship between image 
reproduction data, including development area information, 
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and tone data: at least two conversion tables A and B in 
which the correspondence relationship is determined in such 
a manner thar halftone spots are formed in lines and their 
screen angles are perpendicular to each other; and at least 
one conversion table C in which the correspondence 
relationship is determined in such a manner that angle 
differences between a screen angle determined by the 
conversion table C and the screen angles determined by the 
conversion tables A and B become irrational tangent angles. 

In other words, under control of the image processing 
program, the data processor performs the same processing 
as that of the conversion table storing means 10 as shown 
in Fig . 1 . 

Moreover, under control of the image processing 
program, the data processor stores, in a storing means, as 
conversion tables to determine a correspondence 
relationship between image reproduction data, including 
development area information, and tone data: at least two 
conversion tables A and B in w^hich the correspondence 
relationship is determined in such a manner that halftone 
spots are formed in lines and their screen angles are 
perpendicular to each other; and at least one conversion 
table C in which the correspondence relationship is 
determined in such a manner that angle differences between 
a screen angle determ.ined by the conversion table C and the 
screen angles determ.ined by the conversion tables A and 3 
become irrational tangent angles. The data processor then 
finds, for each of plural colors, the image reproduction 
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data at each dot from the tone data at each dot by referring 
to one of the conversion tables. 

In other words, under the control of the image 
processing program, the data processors performs the same 
processing as that of the conve-rsion table storing means 
10 and the halftone processing means 11 as shown in Fig. 
1 . 

(Other Variarions ) 

The present invention is not limited to the above- 
described embodiments and can be applied by making various 
variations. For examiple, the respective means included in 
the controller may be structured as separate devices. For 
example, the conversion table storing means 10 and the 
halftone processing means 11 may be realized by a control 
program installed on a host computer, and the pulse width 
modulating means 20 m.ay be realized by a control program 
installed on a printer device. 

This invention comprises two conversion tables A and 
3 composed in such a manner that halftone spots are formed 
in lines and their screen angles are perpendicular to each 
other, and a conversion table C composed in such a m.anner 
that angle differences beTiween a screen angle determ.ined 
by the conversion table C and the screen angles determined 
by the conversion tables A and B become irrational tangent 
angles, thereby making it possible to sufficiently reduce 
the size of m.oire even when the four colors CMYK are used. 
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Moreover,. according to this invention, the conversion 
tables have the development area information included in 
the image reproduction data, thereby making it possible to 
set the screen angles and the angle differences at irrational 
tangent angles. As a result, it -is possible to prevent the 
halftone spots of the four colors CMYK from completely 
overlapping one another at regular intervals. 

The entire disclosure of Japanese Patent Application 
No.Hll-235775 filed on August 23, 1999 including 
specification, claims, drawings and summary are 
incorporated herein by reference in its entirety. 
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What is claimed is: 

y{ An image processor comprising: 

conversion table storing means for storing a plurality 
of conversion tables to determine a correspondence 
relationship between image reproduction data, including 
development area information, and tone data; 

halftone processing means for receiving the tone data 
of respective colors and then finding, for each color, the 
image reproduction data at each dot by referring to one of 
the conversion tables; and 

image reproducing engine for reproducing images by 
receiving the image reproduction data at each dot for each 
color and by determining a development area at the dot on 
the basis of the development area information included in 
the im.age reproduction data; 

wherein the conversion table storing means stores: 

at least two conversion tables A and B where the 
correspondence relationship is determined in such a manner 
that halftone spots are formed in lines and screen angles 
are perpendicular to each other; and 

at least one conversion rable C where the 
correspondence relationship is determined in such a manner 
that angle differences between a screen angle determ.ined 
by the conversion table C and the screen angles determined 
by rhe two conversion tables A and B become irrational 
tangent angles. 

2 , An image processor according to claim 1 , wherein 
the im.age reproduction data further includes development 



area location inf ormat ion^. and 

the image reproduction engine determines a 
development area at the dot on the basis of the development 
area information and the development area location 
information included in the image reproduction data. 

3. An image processor according to claim 2, wherein 
the development area information is a beam irradiation area 
and the development area location information is a beam 
irradiation location in a beam scan direction within the 
dot and 

the image reproducing engine attaches toner by 
irradiating a beam in the development area. 

4 . An imLage processor according to claim 1 ^ wherein 
the conversion table is composed of at least: 

a gamma table to determine a relationship between the 
tone data and the development area inf orm.at ion; and 

an index m.atrix in which an identifier to specify the 
gamma table is located at a corresponding position on the 
matrix . 

5. An im.age processor according to claim 4, wherein 
regarding index matrices of the two conversion tables A and 

one index matrix is formed by rotating the other index 

matrix by 90° in a clockwise direction or a 
counterclockwise direction. 

6. An image processor according to claim 1, wherein 
regarding the conversion table A and the conversion table 
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C, a sum of their screen angles is approximately 90 or -90 
and an angle difference between their screen angles is an 
irrational tangent angle within the range of 30° to 40° . 

7. An image processor according to claim 1, wherein 
the conversion table storing means further stores a 
conversion table D, and in the conversion table C and the 
conversion table D the correspondence relationship is 
determined in such a manner that halftone spots are formed 
in lines and their screen angles are perpendicular to each 
other . 

8 . A printer systemi comprising rhe image processor 
as stated in any one of claims 1 through 7. 

9'''. An image processing method comprising the steps 

f 

of : 

sroring, in a storing means, conversion tables to 
determine a correspondence relationship between image 
reproduction data, including development area information, 
and tone data, the conversion tables including: 

at least two conversion tables A and B where the 
correspondence relationship is determined in such a 
manner that halftone spots are formed in lines and 
screen angles are perpendicular to each other; and 

at least one conversion table C where the 
correspondence relationship is determined in such a 
manner that angle differences between a screen angle 
determined by the conversion table C and the screen 
angles determ.ined by the two conversion tables A and 
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B become irrational tangent angles; 

finding for each of plural colors the image 
reproducing data at each dot from the tone data at each dot 
by referring to one of the conversion tables; and 

determiining a development area at the dot on the basis 
of the development area information included in the image 
reproduction data at the dot^ thereby reproducing images. 

10. An image processing method according to claim 
9, wherein the image reproduction data further includes 
development area location information, and a development 
area at the dot is determined on the basis of the development 
area information and the development area location 
information . 

11 . A record medium with an image processing program 
recorded thereon, the image processing program being 
operable on a computer and comprising the steps of: 

storing, as conversion tables to determine a 
correspondence relationship between image reproduction 
data, including development area information, and tone data, 
two conversion tables A and B in which rhe correspondence 
relationship is determined in such a muanner that halftone 
spots are formed in lines and their screen angles are 
perpendicular to each other; and 

storing, as a conversion table to determine a 
correspondence relationship between image reproduction 
data, including developm.ent area information, and tone data, 
one conversion table C in which the correspondence 
relationship is determ.ined in such a manner thar angle 



differences between a screen angle determined by the 
conversion table C and the screen angles determined by the 
two conversion tables A and B become irrational tangent 
angles . 

12. A record medium according to claim 11, wherein 
the image processing program further comprises the step of 
finding, for each of the plural colors, the image 
reproduction data at each dot from the tone data at each 
dot by referring to one of the recorded conversion tables. 

13. A record medium according to claim 11 or 12, 
wherein the image reproduction data further includes 
development area location information. 
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ABSTRACT 

In the case where four colors CMYK are used, it is 
an object of this invention to restrain the size of moire 
and to prevent halftone spots of the respective colors from 
overlapping one another at regular intervals . Accordingly, 
storing means stores, as conversion tables to determine a 
correspondence relationship between image reproduction 
data, including development area information, and tone 
data: at least two conversion tables A and B where the 
correspondence relationship is determined in such a manner 
that halftone spots are formed in lines and screen angles 
are perpendicular to each other; and at least one conversion 
table C where the correspondence relationship is determined 
in such a manner that angle differences between a screen 
angle determined by the conversion table C and the screen 
angles determined by the two conversion tables A and B become 
irrational tangent angles. For each of the plural colors, 
the image reproduction data at each dot is found from the 
tone data at each dot by referring to one of the conversion 
tables, and a development area at the relevant dot is then 
determined on the basis of the development area information 
included in the image reproduction data, thereby 
reproducing images , 
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THAGK PROCESSOR AND IMAGE PROCESSIN G 
METHOD, AND PRINTER SYSTEM EQUIPPED 
WITH IMAGE PROCESSOR 



C!}-. ail^ti^ (7)^51 if) ^ (T^£7:)t^ST'x&Jii5o^. ^rv^//V^?^-^il (he specification of which is attached hereto unless the following 
tl box is checked: 



0 (Ji^^-r^)^^) CJTfH^ix^ L/r. 



Q wasfUedon, 



as United States Application Number or 
POT InternalJonat Application Number 

and was amended on 
(if applicable). 



( hereby siaAc that I have reviewed and understand the contents of 
the above identified specification, including the claims, as 
amended by any amendment referred to above. 



1 acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 
Section 1,56. 



84irJ<rn iUntr Sl^icnit-jii T)ns torm ^i.un\*i<J lo O 4 hourx c.Mnpl«t« Ttm< will v*r>- d<p«:n*lmj.' up<m the mfedi of the indtvidufj c«fcc Any comnwftt* on the 
ncmxiftf 111 Iimc y«Hi arc re^uircj u^ t..»mpk« ihi*. i.tfin vti^KjId he wfnl to ihe Chiet lolnrnMHion Officer. P«f<;nt anj Tr«d«m*rfc Office, Wtthinj^fton. fK! 202J I DO NOT 
SEND FEES OR COMPLETED FORMS TO 1 HIS ADDRESS SEND TO CommiuMtwr M P*iem« »n6 Tfjdemjrkn. Withini!t*»o, DC 20231 . 
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Japanese Language Declaration 



^-i£ji'i:?tt?PS 3 5^1 1 9^ (a) Md} ^;<Xa 3 6 5 ^? 
'^LXK-^^n\6^,t>^^'^ 3 6 5 (a) rft^C < NK^ilir^, ^ 

If^j O ai fii $ K /c ^^T- ff ^ ;± ^ Rt] eiF ^1^ m JFiS ^ a 



Prior Foreign Application(s) 

1 T-? 35 77 5 

(Number) 

(Number) 



JAPAN 



(Country) 



an a. a 

I hereby claim foreign priority under Title 35, Unfted States Code. 
Section 1 19 (a)-(d) or 365(b) of any foreign application(s) for patent 
or tnventor's certificate, or 36S(a) of any POT International 
appl(ca(Jon which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 

Priority Not Claimed 

23/ 08/1999 

(Day/Month/Year Filed) 



(Country) 
(12I^) 



(Application No ) 



(Filing Date) 



(Application No ) 



(Application No ) 
(tiiJS5&^) 



(Filing Date) 
(rhJ^B) 

(Filing Date) 
(ffiJF^B) 



\C&-\'<^mii'-±XK%X^K:it^CXK^^^:Lt. ^ ibiCtt 

. a J c ^ n ^ ^ft (7 ) ^ c>' ^: n ^ M '5? (7 ) ?T ?^) i 1 ^ @ fife ^ 



{Day/Month/Year Filed) a» 

I hereby claim the benefit under Title 35, United States Code, 
Section 119(e) of any United States provisional application(s) listed 
below. 



(Application No ) 



(Filing Date) 



( hereby claim the benefit under Title 35, United States Code, 
Section 120 of any United States applicatton(s|, or 365(c) of any 
PCT International application designating the United States, listed 
below and, insofar as the subject matter of each of the claims of 
this application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first 
paragraph of Title 35, United States Code Section 112, 1 
acknowledge the duty to discJose information wtiich is matenal to 
patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.66 which t»ecame available t>etween the filing date of (he 
prior application and the national or PCT International filing date of 
application. 

(Status Patented. Pending. Abandoned) 

(Status Patented. Pending, Abandoned) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 
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Japanese Language Declaration 



POWER OF ATTORNEY: As a named mventof, I hereby appoint 
(he following attorney{s) and/or agent(s) to prosecute this 
application and transact all business in the Patent and Trademark 
Office connected therewith name and registration number) 



Jonathan P. Osha, Reg- No. 33,986 
Alan D. RownthaU Reg. No. 27,833 
Richard A. Fagtn, Reg. No. 39,1«2 
K. KaRan Reed, Reg. No. 45,036 
David E. Mixon, Reg. No, 43,809 
Send Correspondence to: 



Adenike A. Adewuya, Reg. No. 42,254 
Y. Renec Alsandor, Reg. No. '45,883 
Jeffrey S. Bergman, Reg, No. 45,925 
Scott W. Hejn>, Reg. No. 45,882 
Thomas K. Scherer, Reg. No. 45,079 " 



Jonathan P. Osha 
ROSENTHAL & OSHA LX.P. 
700 Louisiana, Suite 4550 
Houston, Texas 77002 



Direct Telephone Calls to: {name and telephone number) 

Jonathan P. Osha 
(713) 228-8600 





Futi name of sole or first inventor 

Tpru FUJITA 
I 




Inventor's signature Date 




Residence c/o Sieko Epson Corporation, 3-5, Owa 3-chome, 
Suwa-shi, Nagano-ken 392-8502, JAPAN 




Citizenship 




Post Office Address ^-^^^ p^^^^^ Corporation, 3-5, Owa 3-chome, 
Suwa-shi, Nagano-ken 392-8502, JAPAN 






Full Twme of second Joint inventor, tf any 




Second inventor's signature Date 




Residence 




Crtizenship 




Post orrtce Address 





(Supply stmtfar inforrrMtion and signature for third and subsequent 
joint inventors.) 



Pm^< 3 oi 3 



